Despite of the impact that viruses have on aquatic organisms, relatively little is known on how fish fight against these infections. In this work, the brain gene expression pattern of sea bream (Sparus aurata) in response to nodavirus infection was investigated. We used the SSH (Supression Subtractive Hybridization) method to generate a subtracted cDNA library enriched with gene transcripts differentially expressed after one day post infection. Some of the ESTs from the infected tissues fell in gene categories related to stress and immune responses. For the reverse library (ESTs expressed in controls compared with infected tissues) the most abundant transcripts were of ribosomal and mitochondrial nature. Several ESTs potentially induced by virus exposure were selected for in vivo expression studies. We observed a clear difference in expression between infected and control samples for two candidate genes, ubiquitin conjugating enzyme 7 interacting protein, which seems to play an important role in apoptosis and the interferon induced protein with helicase C domain 1 (mda-5) that contributes to apoptosis and regulates the type I IFN production, a key molecule of the antiviral innate response in most organisms.
INTRODUCTION
Viral infections are among the most destructive diseases that affect fish aquaculture.
Nodavirus are responsible of Viral Encephalopathy and Retinopathy disease (VER disease), causing neurological disorders such as abnormal swimming behavior and lethargy. Histopathologically, the disease is characterized by vacuolization in the brain grey matter, spinal cord and granular layers of the retina (Comps et al., 1994) .
Nodavirus cause massive mortalities in a wide range of species of cultured marine fish (Frerichs et al., 1996) . Sea bream (Sparus aurata L.), a high economic value species cultivated in the Mediterranean area, has been reported as a healthy asymptomatic carrier of the virus (Castric et al., 2001 ). However, Aranguren et al. (2002) demonstrated the susceptibility of juvenile sea bream to nodavirus by intra muscular (i.m.) injection, depending on age and temperature. Also, sea bream is often cultured in the Mediterranean in the vicinity of sea bass Dicentrarchus labrax L and other susceptible species, raising the possibility of cross infection. Despite of the impact that viruses have on aquatic organisms and the lack of treatments, relatively little is known how fish fight these infections. Viral diseases in aquaculture generally cannot be controlled mainly due to the lack of commercial vaccines. The generation of vaccines might be helped by the understanding of the effect of the infection on the host gene expression. The study of the differentially expressed genes after a viral infection has been done using several approaches such as subtractive hybridization, polymerase chain reaction, analysis of expressed sequence tags (EST) and gene arrays (microarray) (Nam et al., 2000; Alonso and Leong, 2002; Ju et al., 2002; O'Farrell et al., 2002; Munir et al., 2004; Purcell et al., 2004; He et al., 2005; Ji et al., 2005) . In this study, we have investigated the genes expressed in response to nodavirus infection in the brain of sea bream, the target organ of the virus, in order to identify genes involved in fish defense.
MATERIAL AND METHODS

Experimental viral infections
15 sea bream (mean weight of 49.5 g) from a commercial fish farm were anaesthetized and infected with 100 µl (10 6 TCID 50 ml -1 ) of the nodavirus strain 475-9/99 by intra muscular injection. 15 control individuals were injected with 100 µl of Minimum Essential Medium (MEM). The fish were sacrificed by overexposure of anesthetic after 24 h post infection and brains removed aseptically and frozen for RNA isolation from both anaesthetized groups.
RNA isolation
Total RNA was extracted using Trizol reagent (Invitrogen) according to the manufacturer's instructions. Organs were pooled and homogenized in 1 ml of Trizol and mixed with 200 µl of chloroform. The suspension was then centrifuged at 12000xg for 15 min. The clear upper phase was aspirated and placed in a clean tube. 500 µl of isopropanol were then added, and samples were again centrifuged at 12000xg for 10 min. The RNA pellet was washed with 75% ethanol, dissolved in diethylpyrocarbonatetreated water and stored at -80 ºC.
SSH technique
The Suppression Subtractive Hybridization technique (SSH) (Diatchenko et al., 1996) was used to characterize new genes involved in anti-viral innate immunity in the disease model involving nodavirus and sea bream. Briefly, cDNA was synthesized from 1µg of each brain RNA (infected and control) using the SMART PCR cDNA Synthesis Kit (Clontech), which allowed the full-length amplification of cDNA from mRNA transcripts. A SSH assay was then performed using the PCR-Select cDNA Subtraction Kit (Clontech). The cDNA from the tester and from the driver were digested with Rsa I, and the tester cDNA was then ligated to either two different cDNA adaptors. During a first hybridization, excess driver was added to tester cDNA samples, which were then denatured and allowed to anneal. In the second hybridization, the two primary hybridization samples were mixed without denaturation. To further select for differentially expressed sequences, denatured driver cDNA was again added to these hybrid samples. As a result, the remaining subtracted, equalized single-stranded tester cDNA reassociated to form hybrids with a different adaptor on each end. This forwardsubtracted sample (genes present or up-regulated in infected tissues compared with controls) was then used in PCR to amplify the differentially expressed sequences. PCR mixture was ligated using TOPO TA cloning kit (Invitrogen) and transformed in E. coli competent cells. A reverse subtracted library was also performed following the same protocol than the forward subtraction, in order to identify genes present or up-regulated in controls compared with infected tissues. Selected colonies were amplified by PCR using Nested PCR primer 1 and 2R from PCR-Select cDNA Subtraction Kit. Agarose gel electrophoresis was performed to visualize the amplified fragments and to select by size the samples to be sequenced and arrayed. The PCR profile consisted of: initial denaturation for 5 min at 94 ºC; 35 cycles of 30 s denaturation at 94 ºC, 30 s annealing at 65 ºC and 1.5 min elongation at 72 ºC; final extension for 7 min at 72 ºC. Excess of primers and nucleotides was removed by enzymatic digestion using 10 U and 1 U of ExoI and SAP, respectively (Amersham Biosciences) at 37 ºC for 1 h followed by inactivation of the enzymes at 80 ºC for 15 min. DNA sequencing was performed using a BigDye terminator Cycle Sequencing Ready Reaction Kit and an automated DNA sequencer ABI PRISM TM 377. Basic Local Alignment Search Tool (BLAST) analysis from the National Center for Biotechnology Information was used to search GenBank for homologous nucleotide and protein sequences.
Macroarray construction
In order to confirm the expression of the generated ESTs by SSH and also to follow this expression in three additional sampling points (1, 3 and 7 days post infection), PCR fragments higher than 300 bp were spotted on macroarrays, which were constructed at DNA chips Service-SCSIE and Department of Biochemistry and Molecular Biology (University of Valencia, Spain). Briefly, BioGrid (BioRobotics, UK) was used as the spotting robot and macroarrays were made by printing the PCR products onto a positively charged nylon membrane (Amershan Hybond N+). Sea bream RNA extracted from newly infected fish used in the gene expression studies (see below) was labeled by reverse transcription with 33 P-α-dCTP. The hybridization protocol used was as follows: macroarrays were pre-treated for 30 min at 80 ºC with 0.5% SDS to remove particles deposited during array printing and filters were pre-hybridized with 5 ml prehybridization solution (the same as used for hybridization but without the radioactive sample). The pre-hybridization solution was then replaced with 5 ml of the same solution containing the radioactive sample and allowed to hybridize. After the washing step, membranes were kept humid, sealed in Saran wrap and exposed to an imaging plate (BAS-MP, FujiFilm). For new hybridizations, filters were stripped by pouring 3x150 ml boiling stripping buffer over the membrane. For methodology details see Alberola et al. (2004) . Images were acquired using a FujiFilm FLA3000
Phosphorimager. Spot intensities were measured as ARM density (artifact-removed density), background and sARM density (background-corrected ARM density) by using the Array Vision software (Imaging Research Canada).
Expression studies.
The original macroarray data set was prepared for clustering genes in order to group ESTs with similar expression pattern. Hybridization values were filtered using GEPAS software package (http://gepas.bioinfo.cnio.es), log2 transformed and used for cluster analysis. The TIGR (The Institute for Genome Research) MultiExperiment Viewer program http://www.tigr.org/software/tm4/ was used to derive the k-means and for hierarchical tree clustering analysis displaying 104 sequences for the TIGR analysis (Soukas et al., 2000) . semiquantitative PCR, cDNA amplification was performed using specific primers designed by Primer3 software (Rozen and Skaletsky, 2000) . All PCR reactions were carried out in a final volume of 25 µl containing 1 µl 10 mM dNTP mix, 0.125 µl Taq polymerase (5 units µl -1 ), 2.5 µl Taq 10x buffer, 1.25 µl MgCl 2 25 mM, 1.25 µl of each primer (10 µM) and 1 µl of cDNA. Reactions were conducted with a denaturing step of min at 72 ºC for the final extension. Quantitative PCR assays were performed using the GeneAmp 5700 sequence detection system (Applied Biosystems). 0.5 µl of each primer (10 µM) were mixed with 12.5 µl of SYBR green PCR master mix (Applied Biosystems) in a final volume of 25 µl. The standard cycling conditions were 95 ºC for 10 min, followed by 40 cycles of 95 ºC for 15 s and 60 ºC for 1 min. Fold units were calculated dividing the expression fold changes of the candidate genes by the expression fold changes of the housekeeping gene (β-actin).
RESULTS AND DISCUSSION
Nodavirus infection causes high losses to sea bass cultures in the Mediterranean (Le Breton et al., 1997) . Sea bream can act as a carrier for the virus and transfer it to nearby sea bass cultures (Aranguren et al., 2002) . In the present study we analyzed the effect of nodavirus on sea bream brain transcriptome. The brain was selected because is the main target of this virus. Studies on brain transcriptome against viral infections are not abundant in higher vertebrates (Gruslin et al., 2005; Paulus et al., 2006) Table 1 . For the reverse library (genes up-regulated in normal tissues), there was mostly abundance of ribosomal and metabolic transcripts, revealing genes highly expressed for energy production and translation (Venier et al., 2003) (Table 2 ). The best matching was found for adenin nucleotide translocator s6 (BlastX, expectation value 1e-78).
To validate the SSH library obtained 1 day post-infection and also to increase the number of sampling points, a large-scale mRNA analysis using macroarrays was conducted. 385 forward and 380 reverse PCR products were selected by size (300-800 bp) and printed onto a nylon membrane. Macroarray with these cDNA spots was Taking into account the clustering analysis and the hybridization screening procedure, the ESTs up-regulated (fold change > 2) with significant e-values were summarized in Table 3 . Several ESTs potentially induced by virus exposure were selected for in vivo expression studies, based on their homology to known genes known to be involved in immune function or cell signaling. Sequences were amplified by PCR using specific primers, to further confirm the differential expression of these candidate genes. We injection (Figure 5a and 5c, respectively). The ubiquitin-like family proteins were also the most represented genes in a subtracted library from rainbow trout leukocytes subjected to VHSV infection. These genes were also up-regulated during experimental infection in vivo and likely play a role in the course of viral infection (O'Farrell et al., 2002) . For the mda-5, the expression results were similar to the ones obtained for ubiquitin conjugating enzyme 7 interacting protein (Figure 5b and 5d, respectively). The differences of expression for both genes were much more obvious at day 1 by intracranial injection as brain is the main target of nodaviruses. Nevertheless, these differences were more marked 3 days after infection by intramuscular injection, which may suggest that immune responses seem to be activated when nodaviruses reach the brain and start replication.
Ubiquitination plays an important role in various cellular functions such as apoptosis, cell cycle progression, transcription and endocytosis (Hershko and Ciechanover, 1998) .
One of the principal roles is to regulate the half-life of proteins by targeting them for 26S proteasomal degradation. A cascade of enzymes (E1, E2 and the RING domain E3
ligases) transfers the free ubiquitin to a specific substrate that will be degraded by the proteasome (Ito et al., 2001; Pickart, 2001; Vaux and Silke, 2005) . This RING finger motif, contained in our amplified EST, is a highly conserved module defined by cysteines and histidines that coordinates two zinc ions (Borden and Freemont, 1996; Lorick et al., 1999) . , 2006) . Further studies will be necessary to investigate the possible role of our protein as an apoptotic anti-viral mechanism during nodavirus infection.
The involvement of mda-5 or helicard in innate immune responses has been described in humans and mice (Kang et al., 2002 (Kang et al., , 2004 Andrejeva et al., 2004; Kawai et al., 2005; Meylan et al., 2005; Yoneyama et al., 2005; Hiscott et al., 2006; Seth et al., 2006) , and it plays an important role in the synthesis and secretion of type I interferons (IFN) (Honda et al., 2005) . Mda-5 is induced by IFN-β and participates in the cytoplasmic recognition of dsRNA through its helicase domain (Yoneyama et al., 2004; Kato et al., 2005; Meylan et al., 2005; Rothenfusser et al., 2005; Yoneyama et al., 2005; Meylan and Tschopp, 2006; Werts et al., 2006) . Figure 7 shows an alignment of the conserved helicase sequences. Helicases bind dsRNA and then associate to another protein that functions downstream called MAVS (Mitochondrial Antiviral Signaling) (Kawai et al., 2005; Meylan et al., 2005; Xu et al., 2005; Seth et al., 2005 Seth et al., , 2006 .
MAVS can signal the downstream kinase pathways that turn on the IFN-ß. Also, mda-5 may contribute to apoptosis induction through its CARD domain (Kang et al., 2002 (Kang et al., , 2004 . Interestingly, ubiquitination plays a role during this cascade of events as well, allowing free NF-κB to activate the transcription of type I IFN (Silverman and Maniatis, 2001 ). This let us speculate about the over expression of the two candidate genes found in our sea bream SSH library.
Both ubiquitin conjugating enzymes and helicard functions have been described in mammals, but as far as we know, this is the first time that these genes have been identified in fish. If these genes are really involved in apoptosis and IFN regulation, as an innate response against nodavirus infection in teleost, should be further investigated in the future. Cells of the immune system are always present in the brain and they might be responsible for some of the gene expression related to immune response detected in the present study. One of the future steps in our research will be to identify which brain cells are responsible for the immune genes expressed. The role of these genes in the CNS response to infections remains to be understood but it may be possible that differentially regulated genes reported here may include potential diagnostic and therapeutic targets for viral encephalitis and other neurodegenerative or neuroinflammatory diseases.
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